Introduction
============

Pulmonary arterial hypertension (PAH) is a rare devastating disease, characterized by elevated pulmonary arterial pressure and pulmonary vascular resistance due to pulmonary microvascular obstruction, which results in right ventricle failure and death if left untreated ([@B1],[@B2]). PAH is associated with certain drugs, such as appetite suppressants. These forms of PAH are categorized as drug-induced PAH ([@B3]).

"Qing-Dai," a Chinese herbal medicine that includes natural indigo, has traditionally been used to treat ulcerative colitis (UC) ([@B4]). In Japan, Qing-Dai has also been empirically used to treat UC that is refractory to standard evidence-based UC treatment regimens, without scientific evidence or complication surveillance. Recent clinical studies have shown the benefit of Qing-Dai in the treatment of UC ([@B5],[@B6]). However, a possible link between Qing-Dai and PAH has drawn attention and concern ([@B7]). Two cases of pulmonary hypertension in association with Qing-Dai treatment were reported at the Japanese Pulmonary Circulation and Pulmonary Hypertension annual meeting in 2017 ([@B8]). Thus, the Japanese Ministry of Health, Labour and Welfare issued a public health warning regarding the possible causal link between Qing-Dai and PAH in 2016 ([@B9]). We herein report a case in which PAH developed in a patient with refractory UC during treatment with Qing-Dai, and improved after the discontinuation of Qing-Dai.

Case Report
===========

The patient was a 59-year-old woman who had suffered from UC for 18 years. She had been treated with a number of standard and evidence-based treatments, including 5-aminosalycylates, predonema enema, infliximab, gemcitabine and leukocytapheresis, for 17 years. Because her UC was refractory to standard treatment, the patient had been treated with Qing-Dai, Chinese herbal medicine, as an off-label prescription, which she received from a clinic for UC. Notably, the patient\'s UC improved during treatment with Qing-Dai. At 7 months before beginning Qing-Dai, the patient had no symptoms and electrocardiogram (normal axis deviation and no abnormal findings) and echocardiogram findings \[normal right atrial and ventricular chamber size and normal trans-tricuspid pressure gradient (TRPG) of 22 mmHg\] were normal ([Fig. 1A](#g001){ref-type="fig"}, [2A and B](#g002){ref-type="fig"}). An echocardiogram obtained 18 months after Qing-Dai treatment showed a slight increase in the TRPG (28 mmHg). At 20 months of Qing-Dai treatment, she experienced shortness of breath (World Health Organization functional class: WHO-FC II) and echocardiography showed a significant increase in the TRPG (45 mmHg). After 22 months of Qing-Dai treatment, her shortness of breath had worsened to WHO-FC III, and she was referred to our center due to suspected pulmonary hypertension (PH) ([Fig. 3](#g003){ref-type="fig"}). There was no familial history of PAH and the only medication that the patient had been taking was Qing-Dai. A physical examination revealed the following findings: heart rate 92 beats/min and regular; blood pressure 131/70 mmHg; body temperature 37.0℃; and SpO~2~ 99% on room air. On auscultation, acceleration of S2 and pan-systolic murmur at the 4th left sternal border were audible; no rales were heard over the lungs. No leg edema was observed. Her serum brain natriuretic peptide (BNP) level was elevated to 118.9 pg/mL, while blood tests were negative for D-dimer. Human immunodeficiency virus testing revealed a negative result. Chest radiography showed mild pulmonary artery dilation and mild cardiomegaly with a cardiothoracic ratio of 51%. Electrocardiography showed right axis deviation ([Fig. 1B](#g001){ref-type="fig"}). Echocardiography showed right atrial and ventricular dilation \[right ventricular end-diastolic dimension (RVDd) 37 mm\], and moderate tricuspid regurgitation, with an elevated TRPG of 85 mmHg and compression of the left ventricle \[left ventricular ejection fraction 65%; LV deformity index (LVdef) 0.74\] ([Fig. 2C and D](#g002){ref-type="fig"}), without an intracardiac shunt. Pulmonary embolism was not detected on contrast computed tomography. Lung ventilation and perfusion scintigraphy revealed no evidence of ventilation perfusion mismatch. Her respiratory function was normal. Right heart catheterization showed pre-capillary PH \[pulmonary arterial wedge pressure 3 mmHg; pulmonary arterial pressure (PAP) 54/20 mmHg; mean PAP 32 mmHg; pulmonary vascular resistance (PVR) 7.1 wood units; cardiac index (CI) 2.80 L/min/m^2^ without O~2~ step-up\]. Her hepatic vein wedge pressure was not elevated (4 mmHg). Her six-minute walk distance was 475 meters. These check-ups for the diagnosis of PH could exclude World Health Organization classification groups 2-5. Underlying PAH-associated diseases, such as connected tissue disease, congenital heart disease, portal hypertension, schistosomiasis and HIV infection, were also excluded. We discontinued Qing-Dai on the first day of admission due to a possible causal link between Qing-Dai and PAH, after confirming that the patient\'s UC was stable and discussing the risk of UC deterioration with the patient and a gastroenterologist. In addition to the discontinuation of Qing-Dai, we prescribed PAH-specific medications, including an endothelin receptor antagonist (Macitentan: 10 mg/day), a phosphodiesterase-5 inhibitor (Tadalafil: 40 mg/day), and an oral long-acting prostacyclin analogue (Beraprost sodium: 180 μg/day), as initial oral triple combination therapy. At two weeks after the initiation of PAH-specific medication and the termination of the Qing-Dai therapy, we observed the improvement of right heart enlargement (RVDd 33 mm) and left ventricular deformity (LVdef 0.95), and the TRPG was 48 mmHg.

![Electrocardiography before Qing-Dai treatment, on admission due to worsening pulmonary hypertension, and 3 months after the discontinuation of Qing-Dai. A: Electrocardiography 7 months before the initiation of Qing-Dai treatment showed a regular sinus rhythm with normal axis deviation. B: Right axis deviation on admission (22 months after the initiation of Qing-Dai treatment). C: Normal axis deviation at 3 months after the withdrawal of Qing-Dai.](1349-7235-58-0395-g001){#g001}

![Echocardiography before Qing-Dai treatment, on admission due to worsening pulmonary hypertension, and 18 months after the discontinuation of Qing-Dai. A, B: The right atrial and ventricular chamber were of normal size and the trans-tricuspid pressure gradient was normal (22 mmHg) at 7 months before the initiation of Qing-Dai treatment. C, D: Right atrium and ventricular dilation, and deformity of the left ventricle on admission (22 months after the initiation of Qing-Dai treatment). E, F: Right atrial and ventricular dilation and deformity of the left ventricle disappeared at 18 months after the discontinuation of Qing-Dai and 6 months after the withdrawal of pulmonary hypertension-specific therapy.](1349-7235-58-0395-g002){#g002}

![Treatments and changes in clinical parameters. No symptoms or signs of pulmonary hypertension were observed before Qing-Dai treatment. PAH developed at 20 months after the initiation of Qing-Dai treatment. The improved after the withdrawal of Qing-Dai and PAH-specific treatment. No clinical deterioration was found at more than 1 year after the discontinuation of Qing-Dai and the patient was free from PAH-specific medications.](1349-7235-58-0395-g003){#g003}

At 3 months after the discontinuation of Qing-Dai, the patient\'s shortness of breath disappeared and right heart catheterization data showed that the mean PAP had normalized (11 mmHg) and the CI improved from 2.8 to 5.35 L/min/m^2^. The patient\'s serum BNP level decreased from 118.9 to 22.9 pg/mL. Chest radiography showed that the patient\'s cardiomegaly had improved with a cardiothoracic ratio of 47%. The patient\'s right axis deviation returned to normal on an electrocardiogram ([Fig. 1C](#g001){ref-type="fig"}). Right ventricular dilatation (RVDd 27 mm) and her left ventricle compression (LVdef 0.88) was further improved on echocardiography. Her TRPG decreased from 48 mmHg to 25 mmHg.

Each PAH-specific medication was gradually withdrawn over the following 5 months. All PAH-specific medications were discontinued after an additional 7 months without a worsening of the patient\'s symptoms. At 3 months after the discontinuation of all PAH-specific medications, clinical and hemodynamic assessments showed WHO-FC I, low BNP (28.9 pg/mL), and no exercise intolerance (six-minute walk distance: 647 meters) ([Table](#t001){ref-type="table"}). Echocardiography showed a normal right ventricular chamber size (RVDd 22 mm) and no left ventricular compression (LVdef 0.97) with a TRPG in the normal range (23 mmHg) ([Fig. 2E and F](#g002){ref-type="fig"}). A follow-up right heart catheter examination showed normal hemodynamics (mean PAP 12 mmHg; CI 3.03 L/min/m^2^; PVR 2 wood units). No deterioration in the patient\'s echocardiogram findings was observed at 28 months after the discontinuation of Qing-Dai and 16 months after the discontinuation of all PAH medications ([Fig. 3](#g003){ref-type="fig"}). The patient showed no recurrence of UC under treatment with mesalazine and prednisolone, even after the withdrawal of Qing-Dai.

###### 

Changes in Clinical and Hemodynamic Parameter after the Admission.

  ---------------------------- -- ------- -- ----------------------- -- ------
  Months after the admission      0          3                          14

  Qing-Dai                        \+         \-                         \-

  PH specific drugs               \-         Macitentan 10 mg/day\      \-
                                             Tadalafil 40 mg/day\       
                                             Beraprost 180 μg/day       

  WHO-FC                          III        I                          I

  6MWD (m)                        475        660                        647

  BNP (pg/mL)                     118.9      22.9                       28.9

  RAP (mmHg)                      2          1                          1

  Mean PAP (mmHg)                 32         11                         12

  PAWP (mmHg)                     3          3                          3

  CI (L/min/m^2^)                 2.8        5.35                       3.03

  PVR (wood unit)                 7.1        1.02                       2
  ---------------------------- -- ------- -- ----------------------- -- ------

PH: pulmonary hypertension, WHO-FC: World Health Organization functional class, 6MWD: six-minute-walk distance, BNP: brain natriuretic peptide, RAP: right atrial pressure, PAP: pulmonary arterial pressure, PAWP: pulmonary arterial wedge pressure, CI: cardiac index, PVR: pulmonary vascular resistance

Discussion
==========

In the present case, the patient developed PAH after 22 months of treatment with Qing-Dai for refractory UC. The PAH was reversible after the discontinuation of Qing-Dai and the patient has been free from PH-specific medications for more than one year.

Recently, a case report suggested a possible association between the Chinese herbal drug, natural indigo, and PAH ([@B7]), and two cases of pulmonary hypertension in association with Qing-Dai treatment were reported at the Japanese Pulmonary Circulation and Pulmonary Hypertension annual meeting in 2017 ([@B8]). In a previous Chinese report, indirubin, which is an ingredient in Qing-Dai, was reported to be associated with the development of PAH in three patients undergoing leukemia treatment ([@B10]). This is the first case report to describe the detailed clinical course of a PH patient receiving Qing-Dai with serial data from electrocardiography, echocardiography and right heart catheterization. This may support a potential association between Qing-Dai treatment and pulmonary hypertension.

The mechanisms underlying the development of Qing-Dai-associated PH are unknown since Chinese herbal medicine often includes many molecules. The leading components in Qing-Dai are indigo and indirubin ([@B11]). The molecular structure of indigo carmine resembles two molecules of serotonin (5-HT), arranged as mirror images of each another ([@B12]). Serotonin is a pulmonary vasoconstrictor that can promote PAH, and is a well-known anorexic agent ([@B13]). One possible mechanism underlying the development of PAH in patients treated with Qing-Dai may be that indigo mimics the structure of serotonin, which may act as pulmonary vasoconstrictor. It has also been pointed out that indigo and indirubin are potent aryl hydrocarbon receptor (AhR) ligands, which is another possible explanation ([@B14]). Vascular endothelial growth factor (VEGF) inhibitor, which is a well-known trigger in a rat model of PAH ([@B15]), is also a ligand of AhR ([@B16]). Moreover, indirubin inhibits BMP signaling ([@B17]), which is a widely known underlying mechanism of heritable PAH with BMP signal mutations, as well as other forms of PAH.

In the present case, it should be also noted that PAH may be reversible after the discontinuation of Qing-Dai. The development of PAH after 22 months of Qing-Dai treatment, and subsequent recovery from PAH after the withdrawal of Qing-Dai, indicate a potential association between Qing-Dai and PAH. Moreover, this case suggests that the discontinuation of Qing-Dai is the most important aspect of management for Qing-Dai-induced PAH, since PAH did not recur even after PAH-specific medication was discontinued. The further accumulation of cases and data is needed for the management of patients who develop PAH in association with Qing-Dai treatment. Currently, routine PAH screening should be considered during Qing-Dai treatment. Large multi-center surveillance is needed to confirm and investigate the clinical course and management of Qing-Dai-associated PAH.
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